Ćwirlej-Sozańska AB, Wiśniowska-Szurlej A, Wilmowska-Pietruszyńska A, Sozański B, Mazur A. Effect of body weight on disability and chronic disease rates in the elderly in south-eastern Poland. Ann Agric Environ Med. doi: 10.26444/aaem/108542 Abstract Introduction and objective. The rapid aging of the human population is an increasing challenge to public health. Effective strategies are required to prevent disability and dependency of the elderly. This study aimed to evaluate the effect of body weight on the prevalence of disability and chronic diseases among 60-80-year-old people living in south-eastern Poland. Materials and method. The study included 1,800 randomly selected people aged 60-80 years living in the Podkarpackie region of south-eastern Poland. Respondents, holders of a -personal identification number (PESEL), were randomly drawn by the Ministry of Interior and Administration (MSWiA) in Poland. The study was conducted in the form of a face-to-face interview at the respondent's residence. The WHODAS 2.0 questionnaire was used to assess disability and functioning. Socio-demographic data were also collected, and the body weight measured in 5% of the respondents after completion of the study. Statistical analysis was performed using Statistica 10. Results. Respondents with Body Mass Index (BMI) < 18.5 and BMI ≥ 35.0 had significantly higher disability levels than those in the normal weight and overweight categories. The greatest limitations were found in participating in everyday life, household activities, getting along and mobility. There was also a statistically significant relationship between BMI and the number of chronic diseases (p < 0.001). Conclusions. When planning a healthcare strategy for people aged 60 -80 living in Poland, additional support should be provided to those at risk in the categories of underweight and obesity. The obtained findings indicate that the health behaviour of seniors should be assessed -especially regarding their diet and eating habits, physical activity, and participation in social life -in order to tailor prevention programmes specifically to their needs.
INTRODUCTION
Weight disorders, especially obesity and underweight, are a major public health problem in both developed and developing countries [1, 2] . Excessive weight is a risk factor for the development of many chronic diseases [3] , especially cardiovascular diseases [4] , diabetes [5] , musculoskeletal diseases [6] , some respiratory diseases [7] and some types of cancer [8] . Underweight, in turn, is significantly associated in the case of the elderly with depression [9] , dementia [10] , frailty syndrome [11] , cardiovascular and respiratory disorders [12] , as well as with morbidity and complications after surgical interventions [13] . Previous research indicates that both obesity and underweight are associated with a lower quality of life [14] and greater mortality among older people [15, 16] .
The World Health Organization (WHO) defines the healthy adult body mass range as Body Mass Index (BMI) (in kg/m 2 ) between 18.5-24.9, based on reduced mortality risk [17] . However, the established range is predominantly based on studies regarding younger adults [18] . Research reviews considering BMI and mortality in older adults indicate that people with BMI determined as overweight, especially in the range of 25.0-27.0 kg/m 2 [19] , or even 25.0-29.9 kg/m 2 [20] had a similar or lower risk of death from any cause than people with normal weight. Numerous studies have recorded a higher risk of morbidity in old age with an significant increase in BMI, and mortality with a decrease in this rate [21] . Regarding Polish research, there are only a few studies analyzing the relationship between individual BMI ranges among a representative population of older people [22] . To the best of the knowledge of the authors of this study, multidimensional analysis of the relationship between psychosocial functioning of older people, based on the International Classification of Functioning, Disability and Health (ICF) model and BMI, has been conducted todate. Therefore, the study aimed to evaluate the effect of body weight on the incidence of disability and chronic diseases among people aged 60-80 living in south-eastern Poland.
MATERIALS AND METHOD
Study subjects and design. The study was conducted in a randomly selected group of 1,800 people aged 60-80 years living in the Podkarpackie region of south-eastern Poland. Random sampling for each age group was made using SPSS programme version 23, without returning to the pool of already drawn respondents. This sample design ensured that the study was of high standard and representative of the population living in the Podkarpackie region of southeastern Poland. The assumed confidence interval (CI) was 95% (0.95) with an error estimate (maximum error) of 3%.
The study was conducted by means of face-to-face interviews using the pen-and-paper method. To confirm the accuracy of the data on weight obtained in the interview, 5% of the subjects were subsequently weighed using the TANITA BC-731 scale. Criteria for inclusion in the study group were: age 60-80, cognitive status enabling a reliable interview (abbreviated mental test score [AMTS] > 6 pointsused as a preliminary screening test), and informed consent to participate in the study.
The research was carried out by appropriately prepared and trained interviewers at the respondents' place of residence. According to the Declaration of Helsinki, study participants were informed about the purpose and course of the study, and gave their informed consent to participate. The results obtained, due to their representative nature, can be extrapolated to a wider population. The research project was approved by the Bioethics Committee of the University of Rzeszow.
Research tools. The research tools were the WHO Disability Assessment Schedule (WHODAS 2.0) and a questionnaire containing socio-demographic information which include: age, gender, place of residence, marital status, education, and income. The WHODAS 2.0 questionnaire is used to measure functioning, disability, and health, developed on the basis of the International Classification of Functioning, Disability and Health (ICF). It examines the level of functioning in six domains: Cognition (Domain 1), Mobility (Domain 2), Self-care (Domain 3), Getting along (Domain 4), Life activities: Household (Domain 5.1), and Participation in social life (Domain 6) [23] . Due to the low number of working people, Domain 5.2 (Life activities: work and school) was not analyzed in this study. The scale assigned to each question ranged from 1-5, where (1) indicated "no" difficulties, (2) "mild", (3) "moderate", (4) "severe", and (5) "extreme" difficulties. According to the instruction manual, the multi-sectional positions were coded and the original score converted to a scale ranging from 0-100, in which higher scores indicated more limitations (0 = no difficulty; 100 = very high degree of difficulty). Finally, to determine the overall level of disability in the specific domains of WHODAS 2.0, the following ICF-compliant scale was used: no disability (0-4%), mild disability (5-24%), moderate disability (25-49%), severe disability 50-95%), and extreme disability (96-100%) [24] .
During the study, anthropometric data, height and weight were also collected, on which the BMI was calculated. To assess the accuracy of the collected data, weight measurement in 5% of the study group was also performed after the interview. No statistically significant difference was found between the data collected in the interview, and the population weight measurement after interview (p = 0.065), thus confirming the reliability of the collected data.
The BMI categories developed by the World Health Organization (WHO, Geneva, Switzerland) were used [25] , and the following categories implemented: underweight (BMI < 18. On the basis of raw data, mean BMI values were determined in each of the following ranges: BMI < 18.5, 18.5 ≤ BMI < 25.0, 25.0 ≤ BMI < 27.5, 27.5 ≤ BMI < 30.0, 30.0 ≤ BMI < 35.0, BMI ≥ 35.0, and corresponding mean values of the disability level. For such observations carried out by the use of the classical method of least squares, the quadratic function describing the level of disability in relation to BMI was estimated. The quality of estimation was examined using the determination coefficient R 2 .
RESULTS
The study covered 1,800 people aged 60-80 years, including 1,032 women and 768 men. The mean age of the tested group was 69.60 years (SD = 6.07). A total of 827 persons were urban dwellers and 973 lived rurally. The vast majority of respondents were married (67.72%), the majority of respondents had primary ( Estimation of the mean level of disability in relation to the mean BMI values in individual categories was made on the basis of the classic least squares method. The function used was as follows: disability level (0-100) = 0.1099 × BMI 2 -6.3487 × BMI + 112.1 (R² = 0.9612). This indicated that the lowest overall level of disability in the study group of older people was at a BMI value of 28.88 kg/m 2 ( Fig. 2) . In individual WHODAS 2.0 domains, the highest level of disability occurred among respondents with BMI < 18.5 and BMI ≥ 35. In each domain, statistically significant differences in disability levels were observed with respect to BMI ranges (Tab. 4).
In Domain 1, assessing cognitive function, statistically significant differences in disability levels were observed between respondents with BMI < 18.5 and those with ranges 18.5 ≤ BMI < 25.0 (p = 0.004), 25.0 ≤ BMI < 27.0 In Domain 3, assessing difficulties in self-care, statistically significant differences were observed in respondents with BMI < 18. In Domain 4, assessing getting along with other people, statistically significant differences were observed between respondents with BMI < 18.5 and those with range 27.0 ≤ BMI < 30.0 (p = 0.029) (Tab. 3).
In Domain 5.1, assessing difficulties in daily household activities, statistically significant differences were observed between respondents with BMI < 18. A statistically significant relationship between BMI and the number of chronic diseases (p < 0.001) was also found. More than half of people with BMI < 18.5 and BMI ≥ 35.0, had five or more chronic diseases (Tab. 5).
DISCUSSION
The results obtained in the current study provide reliable information on the relationship between BMI and disability and chronic diseases among 60-80-year-olds living in southeastern Poland. By investigating a randomly selected group of 1,800 older people, it was confirmed that the vast majority of respondents were overweight, including 20.00% in the range 25.0 ≤ BMI < 27.0 and 23.61% in the range 27.0 ≤ BMI < 30.0. The second largest group were respondents with normal body weight (27.11%), whereas the next largest group were those with class I obesity (19.78%). On the other hand, older people in class II obesity constituted almost 7% of the studied population; while considering the underweight category they amounted over 2.5%. Similar results were obtained in the PolSenior study performed on a representative group of the elderly in Poland, where the underweight category was found in 1.5% of respondents (1.4% of women and 1.6% of men), normal body weight in 25.8% (23.2% of women and 28.2% of men), overweight in 40.8% (36.4% of women and 44.6% of men), obesity in 31.9% (39.0% of women and 25.6% of men), including severe obesity in 2.0% (3.4% women and 0.8% men) [22] .
It was found that the incidence of class II obesity and greater (BMI ≥ 35.0) or underweight (BMI < 18.5) was significantly associated with higher levels of disability, compared to those of the same age with normal body weight or overweight range. The greatest limitations were found in the elderly with extremely high or low body weight in each of the studied domains of functioning. The highest number of chronic diseases was also observed in people with BMI < 18.5 and BMI ≥ 35.0.
It seems that few studies have analyzed the relationship between body weight of the elderly and disability using a multidimensional approach [26] . To date, only a few publications have assessed the impact of obesity on the prevalence of disability [27] , most of which have focused on disability in performing basic and complex daily activities [28] , or on the mobility of the elderly [29] . Corona et al. stated that both too high and too low body weight are associated with an increased risk of disability development 
in relation to the Instrumental Activities of Daily Living Scale (IADL) among the elderly, regardless of other risk factors [30] . They also identified significant correlations between functional limitations in older people with obesity and underweight categories [31] . It is worth mentioning that quite a lot of research mentioned the negative effect of obesity on the physical capability of older people. De Stefano et al. conducted a study among 3,000 older people and demonstrated that obese persons were characterized by poor physical performance [32] . Germain et al. pointed out that obesity and muscle weakness are associated with functional disability in older people [33] . Obesity is associated with a lower perception of one's own health and an increased risk of disability [34] . The findings of the current study confirm data from a 12-year Canadian National Population Health Survey in which it was found that patients with obesity had double the risk of disability [35] . The current results are also consistent with those of Buttery et al., who analyzed changes in the physical functioning of older people from 1997-1999 and from 2008-2011, and found that the decline in physical functioning was greater in people with obesity, compared to those with normal body weight [36] . Likewise, Backholer et al. showed an increased risk of disability in people aged over 65 years with grade I and II obesity, compared to those with normal body weight [37] . Furthermore, according to Wong et al., reducing the incidence of obesity can reduce the incidence of disability in older people by nearly 26% [38] .
The presented study additionally shows that very low body mass is also associated with a significantly higher incidence of disability in the elderly. Maeda et al. indicated a significant relationship between the underweight category and mobility limitations [39] . Zunzunegui et al. stressed that being underweight is a significant risk factor for mortality among older people, whereas overweight and mild obesity are associated with the lowest mortality, especially among men and people with cardiovascular disease [40] . Rejewski et al. showed that underweight and obesity increase the risk of disability, whereas overweight may have protective effects [41] .
In the current study, the lowest level of disability was identified for a BMI of 28.88 kg/m 2 . Grzegorzewska et al. also presented that the occurrence of overweight and mild obesity in the elderly population was associated with better functional performance [21] , whereas Lv et al. pointed out that the occurrence of overweight among older people significantly reduced the risk of disability in everyday life. The authors suggested that current BMI data might require re-evaluation in order to estimate accurately the risk of functional disability and mortality in the elderly population [42] .
In the presented multidimensional assessment of disability with WHODAS 2.0, it was found that the elderly with BMI < 18.5 and BMI ≥ 35.0 were characterized by higher average levels of disability in all domains studied in relation to people in the range of 25.0 ≤ BMI < 30.0. The highest disability rate was found in mobility, household activities, getting along, and participation in social life. Both underweight category and obesity were associated with reduced activity and daily activities, as discussed above. A further consequence of body weight disorders was limited participation in everyday life. Older people with obesity or underweight were significantly more likely to stay at home and were lonely [43] . Obesity is associated with a feeling of exclusion from socio-cultural life [44] . Oliviera et al. showed that people with obesity more often experienced a lack of social support and loneliness [45] .
The results of the presented study confirm the relationship between BMI and a number of chronic conditions, which identified that people with BMI < 18.5 and BMI ≥ 35.0 were significantly more likely to suffer from five or more chronic diseases, which is consistent with previous reports [46] ; for example, Kearns et al. presented that the incidence of chronic diseases increases with growing BMI [47] . The authors also pointed out that the reduction in BMI by one unit (1kg/m 2 ) across the entire population for both genders may reduce the number of chronic diseases by 26-28 cases per 1,000 men and women. Similarly, the results of the analysis of 97 prospective cohorts with 1.8 million participants, indicate that in patients with increased body weight, the risk of coronary heart disease was increased by 46% and the risk of stroke by 76% [48] . According to Dhana et al., the increase in incidence of obesity and progress in cardiovascular disease (CVD) treatment will increase the proportion of people living with CVD over a longer period of time. This will be reflected in the increase in health care costs and deterioration in the quality of life of older people [49] . On the other hand, the underweight category is significantly associated with the incidence of cognitive function disorders in the elderly [10] and the frailty syndrome [11] .
In the current study, it was also found that slightly elevated BMI (within the limits of overweight, 25.0 ≤ BMI < 30.0) in the elderly is associated with lower levels of disability and lower number of chronic diseases, to a similar level to normal BMI. Flicker et al. reported similar findings revealing that the overweight elderly were less likely to die or to have many chronic conditions, while extremely low weight and obesity in the elderly are more dangerous [50] .
Advantages and limitations of the study. This is the first population study in Eastern Europe to analyze accurately the association of BMI with disability using a multidimensional approach in people aged 60-80 years. The obtained results provide valuable information on the relationship between BMI and the occurrence of disability in various domains of human functioning. The limitation of the work is that the study was conducted only in the Podkarpackie region of south-eastern Poland. However, to some degree, the results can be extrapolated to the entire population of Poland. The study should be extended both in terms of the sample (i.e., to the whole territory of Poland) and the research tools (i.e., extend the anthropometric measurements, analysis of eating habits, and physical activity of the elderly).
Practical implications.
The obtained results indicate that health policy programmes in Poland should incorporate support for elderly people at risk of underweight and obesity ranges, and include a detailed assessment of the health behaviour of seniors. The results also revealed that older people with BMI in the range of 18.5 ≤ BMI < 30.0 were characterized by an overall lower level of disability than in the other BMI ranges, and the lowest level of disability was recorded for BMI 28.88 kg/m 2 . The study proves also that underweight and obesity are the main factors contributing to limiting independence, activity, and participation in family and social life in the elderly. Obesity and underweight are also closely related to a significantly higher incidence of chronic diseases; therefore, achieving a relatively small reduction in BMI in the obese elderly population, or increasing BMI ranges in underweight persons, may reduce the level of psychophysical disability and alleviate the burden of chronic diseases. It is therefore necessary to extend research into the relationship between disability and extreme body weight to examine also nutrition and levels of physical activity. This will allow researchers to prepare appropriate prevention programmes tailored to the needs of the elderly.
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